Abstract: Considering high speed following on expressway or highway, an improved car-following model is developed in this paper by introducing variable safety headway distance. Stability analysis of the new model is carried out using the control theory method. Finally, numerical simulations are implemented and the results show good consistency with theoretical study.
Introduction
Car-Following theory is a method to describe how vehicles follow one another on a roadway. In the model cars are regarded as discrete and interacting particles without overtaking to analyze traffic flow characteristics. So far, a variety of models have been developed, including safety distance model, stimulus-response model and fuzzy logic based model [1] [2] [3] [4] [5] [6] [7] [8] .
Among those models, the optimal velocity model (OVM) is well known for accuracy and rationality 3, 4, 9 .
Afterwards the OVM has been extended by introducing generalized force, full velocity difference and lateral effects [10] [11] [12] [13] [14] . However, the models mentioned cannot be used to precisely reflect the car-following phenomenon in expressway or highway with higher speed and larger headway (mostly longer than 10m), in which case the hyperbolic tangent part ( tanh( ) ) in OVM remains as a constant. Therefore the safety headway distance parameter in OVM needs to be modified.
Based on previous work, this paper investigates a new car-following model considering variable safety headway distance (VSHD). In section 2 the new model is developed and stability analysis is carried out in section 3. Then numerical simulation experiments are performed to verify the theoretical study in section 4.
The summary is given in section 5.
Improved model
The typical OVM is presented as Referring to previous study 14, 15 , the velocity difference between the nth and its leading vehicle
Stability analysis
According to stability analysis method [15] [16] [17] , the stable condition of the modified car-following model can be shown as 
The linearized system of (9) can be calculated around steady state (10) as 
The sufficient condition can be obtained as
which can be rewritten as
The neutral stability surface in the space of When b=0, the model equals the full velocity difference model (FVDM) 14 , and the figure shows a neutral stability line in Fig.1(a) . According to Fig.1 
Numerical simulations
Let us consider a 100-vehicle system running on an expressway without overtaking. In the simulations, We can see heavy traffic jams when b =0, and as b increases the traffic jams are suppressed.
Simulations illustrate that with a larger headway distance but higher speed, vehicles in new model are more sensitive to the variation of leading vehicle's acceleration or deceleration to keep the traffic system in stable situation.
Summary
In 
